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method for disassembling different elements 
_i.... rho pgr pyl or whole disassemb 



of products. 

mis invention iwuw w — i—— — 

The invention it particularly suitable for use in products which require easy 

Htajusemblv. for example, for recycling ax the end of product life, but it is not 


limited exclusively to this. 

New environmental legislation has been proposed which will make it 
obligatory for manufacturers of ai least certain types of product to provide 
recycling of part or whole of the product ax the end of the product's life. One 
industry where this will have a major impact is vehicle manufacture. Another 
industry of importance is electronics product manufacture (for example, 

televisions, computers, and whim goods, etc.). 

Strict rules also need to be applied for the safe disposal of-paris of a 

product which contain toxic or potentially hazardous material. For example, in 
televisions, high voltage components such as the line output transformer contain 
potentially hazardous insulation and arc quenching material, printed circuit boards 
axe often with a flame retardants, and cathode ray tubes contain barium 
and lead. Such parts need to be isolated from each other according to the types 

* 

of hazardous material present, and disposed of safely. 

Recycling and disposal techniques are being developed, but a significant 

cost factor in the processing of virtually all products is the disassembly of the 
product before the component parts can be sorted for re-use, material re¬ 
claiming. material disposal, etc. It is possible to break apart a product 
destructively, but certain valuable re-usable components may then be damaged. 
In general, it is far more desirable to disassemble at least some of a product m 
a non-destructive manner, so that the component pans are less likely to be 

i 

damaged, and are easier to sort. 

A product can be disassembled manually, for example, by undoing 
retaining screws or clips manually or, in the case or electronic circuit board 
recycling, manually desoldering certain components from the circuit board. 
However, such a process is expensive, because it is slow and also labour 
intensive. Furthermore, when manually desoldering an integrated circuit which 
has a large number of connecting legs, it is difficult to melt the solder on all legs 
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simuimneousiy. If beat is applied for too ion* irreparabie beat damage can 

Recently, automated robotic disassembly has been proposed. In such a 
process, robots or other automated machinery ate used to disassemble products 
and, in the case of electronic products, to desolder or attract key components 
such as valuable integrand circuits. However, before a product can be processed 
to rhis way. toe machinery first has to be progmmmed with information about toe 
shape and size of the product, toe position of each fastening to be unscrewed or 
uncoupled, toe size and shape of toe elecuonic circuit board, the position on the 
cucuit board of each component, and toe solder positions for each component. 
Furthermore, the machinery needed to manipulate toe product accurately, and to 
perform toe disassembly operation is very expensive. Such automated 
disassembly is only practical for a run of a large number of identical produce. 

It is not cost effective for collections of individual, (Efferent products. 

The present invention has been devised bearing toe above problems in 

mind. . t . 

A first aspect of toe invention is to provide shape memory material in a 

product or article for assisting at least partial disassembly of the product by 

triggering shape transition of the shape memory material. 

With such an arrangement, shape nansition of toe shape memory material 

can be used to give the product an active or self disassembly capability. 

For example, one of more fasteners' may be made of shape memory 
material which, upon nansition. changes shape to release toe fastener. In another 
example, the shape memory material may be employed as a de&stener which, 
upon transition, changes shape so actively move one part away tan another. 

The invention can enable disassembly of one or more produce wttoout the 
difficulty of having to locate, and unscrew, fasteners such as screws. Instead, 
it is necessary simply to activate the shape memory material m each P rod “*' 
Therefore, the invention also provides a method of assembling a product whtch 
includes such shape memory material, and further a product or article which 

includes the shape memory material. 
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Anolhe r mo* demiled aspect of to iuvention »«"“■'*■*" men ‘ 0 ' y 

^ in a product which, upon shape transition. changes shape etther <o urge 

eparation of a first part or portion away from a second part or ptmonj 
rigger such active separation. In one form, the shape memory mam^l « 
.reduce a dynamic feme sufficient to separate casings. sub-.ssen.bUes and 

xmponents with which, it may be used. 

The Shape memory marerial may. for cample, be a discreet element 

having any desired form. Particularly preferred fernm include annuluses or coils 

which, upon shape transition, expand or lengthen in a generally axial duecnon, 

elongate members such as rods which can Und. or unbend, to some exmnt to 

c _.. a separation force, and members which can change then cross-seetto 

„ fnrr _ i t k emuhasised that these are merely 
shape to generaie a separation force, u is empn^*^ 

examples. . . 

This aspect of the invention is advantageous became it can actively 

separate or urge apart portions or parts of an article upon disassembly, instead 

of merely releasing the anachment of the para. Such active movemem of the 

pans away from each other can considerably simplify the sottmg of tbfferent 
pm, particularly in automated machinery. I. U much easier to prov.de 

„-- machinery to collect different parts and components after aeove 

separation dum it is to try to control automated machinery to perform each 

unfastening and separation operation as in the prior art. 

Such an arrangement is particularly suitable tor self-disassembly or se - 

opening of pans of a housing of a product, or for removal of sensitive pans 

which might otherwise be difficult to remove. 

For example, in a preferred embodiment, one or more shape memory 

elements are arranged within a case which comprise front and rear case shells 

Held together by snap fit connections. Upon transition, the shape memory 

element can apply a torce to the case pats to overcome the snap fit connection. 

and to force the front and rear case shells apart. 

in another preferred embodiment, a shape memory element can be fitted 
between an integrated circuit component and a socket or holder into whic 
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integrated circuit is pressed too position. Upon oansittott. toe ^ " 

«r.;onr force to at least partly lift the integrated circuit 
element can generate sufficient force to at least para, 

out of toe socket or holder, to facilitate removal of toe mtegramd cncu 
Preferably, toe shape memory material is arranged ® completely separate toe 

integrated circuit from toe holder, so that the imegramd circu.t ts free to be 

% 

grabbed or otherwise collected. 

In a yet further embodiment, toe shape memory material can be used to 
snear first and second portions which are integrally coupled. For cample, the 
fer and second pontons may be respective walls of a housing or case winch, 
upon disassembly, are broken apart to form generally flat ease sections. Such 
may be easier to handle and sore than toe case when whole. 

In a fnnher related aspect, toe invention provides a releasable fastening 
element configured to engage or pip another element, at least a portion of toe 
releasable element for engaging or gripping the other element comprising shape 
__ rn.tm.i 9 i which noon transition changes shape o release toe other 


element. 

Preferably, the releasable element is configured O tnechunically engage 
the other element and, upon shape transition, is operable o change shape to 

P-I- or relax toe mechanical engagement. For example, toe releasable element 

may be an element which, in normal use, is under compression or tension and, 
upon transition, changes shape to relax the compression or tension. 

In one form, toe releasable element ntoy be in toe form of a sleeve or 
sleeve liner for foreadedly receiving a screw or bolt, in normal use, toe sleeve 
can maimain firm radial compression engagement with toe smew or bolt to 
achieve a strong and reliable fastening. In one form, toe sleeve is oval in cross 
...h.. m achieve compression. Upon shape transition, toe releasable element 
mn,. for example, become enlarged, or relaxed, and thereby release toe 
engagement with toe threads of the screw or bolt. Alternatively, toe releasable 
element may be in toe form of a screw, bolt or other threaded member for 

threaded engagement within an opening. 

In an alternative form, toe releasable element may comprise a band or 
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srop which, to normal use. extends over, or W. another pert, such us a 
circuit board or module or sub-assembly, to hold it in position. Upon transition, 
the r'””M e element may lengthen or otherwise change shape to release the pan 

being held. 

in a further alternative form, the fastener may compose an opening or 
mouth for receiving a projection, the shape memory material being operative 
open transition to change the shape of the mouth or opening to grip or release the 

projection. 

In a yet further alternative form, the fastener may comprise a jaw, or a 
retainer, and the shape memory material being operative upon transition to 
change the shape of the jaw or retainer to release a hold on another part- 

A closely related aspect of the invention is to disassemble a product at 
least partly by activating shape transition of shape memory material within the 

product. 

The shape memory material may be activated by any suitable means, 
preferably a means for subjecting the material to a temperature change above, or 

below, a transition temperature. For example, for elevated temperatures, heat 

may be supplied using hot gaa (e-g. air), steam, or electrical current. The 
activation means may, for example, be in the form of a hotted room or 
enclosure, or an iron for supplying heat, a hot air blower or jet, means for 
passing an electric current through, or inducing an electrical currant in (e.g. by 
■M jpwir or microwave interaction), die shape memory material (or through or 

in an element in thermal contact therewith). 

In die c ? ,<51 * of a temperature drop, heat may be extracted by using cold 

gas. or evaporation of a refrigerant. The activation means may, for example, 

be In the form of a cool room or enclosure, a cooling probe having a cooled up. 

a cold air blower or jet, or means for introducing a refrigerant (such a liquid 

nitrogen) to at least the vicinity of the shape memory material. 

It will be appreciated that any number of different products can be 

disassembled using this technique. It is not necessary to know and physically 

locate the exact position of each fastener of a product. Instead, it is simply 
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. _ tpmrv.ranirefsl of the shape memory tnaierial(s) 

necessary to know the transition temperature^; oi u«r “t~ 

widiin the products, to amble ^ mal£rial ® te ’ aaiva “‘ r - 

A further aspect of the invention b to provide different elements of shape 

memory material in a product for assisting disassembly, the different elements 

having different transition temperatures at which shape transition occurs, i 

*is aspect, sequential disassembly of the product is facilitated. For example, by 

subjecting the product to a first temperature, a firs, shape memo* element can 

be triggered to cause disassembly or release of a first pan. Thereafter, by 

subjecting me product to a more extreme (higher or lower) second temperature. 

a second shape memory element can he triggered ® cause disassembly or release 

of a second different part. 

therefore, different pans of a product can be disassembled in sequence 
at different times, simply by increasing or decreasing the temperature(s) 
progressively. This b particularly advantageous in products where disassembly 
is required in an ordered sequence, for example, to facilitate simpler handling by 
„.,en, a ,M machinery. Alternatively, it may be applicable to pans, such as 
electronic components, using shape memory material having a shape transnton 
temperature associated with the type of component. For example, all valuable 
circuits may he mounted using shape memory material having a first 
oanskion temperature, less valuable integrated circuits and other semiconducmrs 

,- using shape memory material having a second transition temperature, 

transformers mounted using shape memory'nuuerial having a Aird shape 
transition temperature, keyboard components mounted using shape memory 
material having a fourth transition temperature, etc. Additionally, pans made of 
K^rin,.s material may be mourned using shape memory material having a 
transition temperature associated wiA Ae hazardous material present, so Aat all 
pans including Ae same hazardous material can be disassembled and colleemd 

together. 

Accordingly, a yet funher aspect of the invention b to disassemble a 
product sequentially by triggering shape transition of at least some different shape 
memory material elements in the product at different times. 
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ft Win be appreciated the. <he differed b«weeo shape memory nmerial 

md other mmerials is*a« *• —» —« «“ 

,r form when it is activated so to do. ftr «-* by «he 
or dropping below, a predefined transitiou fe *» nB “™ L 

course, it is well known that conventional metals will expand on ,or 

conventional plastics wfll relax or flow upon beating. However, the advances 
of using shape memory material insread of conventional metal or plasties are that. 

(a) the material can be -trained' to adopt any desired change of shape at 

transition, not merely expansion or relaxation; 

(b) the change of shape at transition can be much greater, and more 

forceful, than that obtained by the relatively small expansion or relaxation by 
heating of conventional materials; 

(c) the temperature at which transition occurs can be determined 
accurately (for example, by varying the composition of the shape memory 
material) so that no change of shape will occur at normal operating temperatures 
of the product. Generally, the transition temperature can be predetermined as 
desired anywhere in the^^C to 150°C, depending on the composition and 

the nature of the material; and 

(d) the shape transition can be made Co occur either when the temperature 
exceeds a predetermined threshold, or when the temperanire drops below a 

threshold. For example, a shape memory material can be trained to adopt a first 

Shape in a fust temperanire range below the transition temperature, and a second 
shape in a second temperanire range above the transition temperanire. If the 
transition temperanire is greater than normal ambient temperatures, then the first 
shape will be adopted when under normal ambient conditions, and it will be 
necessary to heat die material to achieve the second shape. On the other hand. 
If the —"■■■to- temperanire is below normal ambient temperatures, then the 
material will adopt the second shape under normal ambient conditions, and it will 

be necessary to coot the maierial to achieve the fust shape. 

Commonly known memory shape alloys include zinc -copper aluminium 

alloy (Zn-Cu-Al) and nickel-titanium alloy (Ni-Ti) . The former alloy is 
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obtamable very cheaply, and its shape transition is generally reversible 
repeatedly. For example, upon hearing, the alloy may be trained to expand to 
a predetermined shape and, upon cooling, the alloy will return to its original 
shape, and this temperature cycle may be repeated a number of times. The latter 
alloy is more expensive, but has an advantage of better electrical conductivity 
than the former. It also has a non-reversing characteristic, i.e. the alloy does not 
always return to its original shape after transition, but is reversible provided that 
the shape chang e is not too severe. Metal alloys have an advantage that they can 
produce considerable forces upon shape transition, although the magnitude of 

change is limited. 

New shape memory plastics/polymers are also ob tainab le, for example, 
materials based on polyurethanes. Such materials can easily be moulded to any 
desired shape. It may also be convenient to mould a shape memory polymer 

element as an integral pan of a plastics case. 

Shape memory polymers have a characteristic that they are generally rigid 
in form up to a transition temperature, above which they lose shape integrity and 
relax drp*ivfinc on any forces present. Upon cooling, the polymer can return to 
its original rigid shape and form in foe absence of external forces. Alternatively, 
if an external force is applied to change the polymer shape while the polymer is 
in its rubber state, and if the force is maintained during cooling, the material will 

adopt the new shape as its stable shape when cold. 

Shape memory materials have previously been used as actuator elements. 

for example, in releasable couplings. Reference is made to the arrangements 
in parent publications Nos. US-A-5095595, US-A-5160233, US-A- 
5312152, US-A-5366254. and WO-A-91/04433. However, none of these 
specifications describes or suggests the use and structure of memory shape 
materials of the present invention. 

Embodiments of the invention arc now described by way of example only. 
with reference to the accompanying drawings, in which: 

Fig. 1 is a side section through a first case de-fastener; 

Figs. 2a and 2b are schematic drawings of a second case de-fastener; 




WO 98/26187 


PCT/GB97AB392 


Figs. 3a and 3b are schematic drawings of a third case festenet; 

Fig. 4 is a schematic view of a module holder; 

Fig. 5 is a schematic drawing of a first electronic component holder, 

Figs. 6a and 6b are enlarged partial views of a detail of Fig. 5; 

Figs. 7a and 7b are schematic drawings of a second electronic component 


holder: 

Figs. 8a and 8b are schematic drawings of a third electronic component 


holder; 

Fig. 9 is a schematic drawing of a fourth electronic component holder; 
Fig. 10 is a schematic view of a modified self-healing form of electronic 

component holder; 

Fig. 11 is a schematic view of a first electronic component remover; 
Fig. 12 is a s fhwmnric view of a second electronic component remover; 
Fig. 13 is a schematic view of a third electronic component remover; 


Fig. 14 is a schematic view of a fourth electronic component remover; 
Fig. 15 is a «rh<*matic view of an alternative component holder; 

15 i 5 a schematic view of a further alternative component holder; 
Figs. 17a and 17b are schematic views of a frangible wail with shape 

memory material; 

Figs. 18a and 18b illustrate the shape memory element used in the 

i 

arrangement of Fig. 17; 

19a and 19b are schemati c views of alternative frangible wall 


arrangement; 

Pise 70a anri 20h are schematic views of a further -hangible. w 


arrangement; 

Fig. 21 illustrates a range of shape memory alloy elements; 

Fig. 22 illustrates a range of shape memory polymer elements; and 
Fig. 23 is a schematic view of a processing apparatus for triggering 

disassembly. 

Referring to Fig. 1, a case 10 of a slim article, such as a calculator, 

consists of an upper or front shell 10a which is joined to a lower or rear shell 
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10b by a snap fit connection in the edge wall of the case. The snap fit connection 
is formed by a lug 12 projecting from the rear shell 10b which locates behind an 

inwardly directed rim 14 of the front shell 10a. 

Positioned close to the edge wall is a helical-spring-shaped active 

separator or defastener 16 of a shape memory material. In this embodiment, the 
defestener is made of shape memory alloy, such as Cu-Zn-Al. The opposite ends 
of the defastener 16 are seated in collars 18 and 20 which are formed integrally 
on the inner feces of the front shell 10a, and the rear shell 10b, respectively. 

The defastener 16 has been trained to change shape between a compressed 
stale (shown in Fig. 1) at normal room temperature, and an expanded state, in 
which the defestener lengthens longitudinally (in a similar manner to a spring), 
to approximately double its compressed axial length. The material can be trained 
in the usual manner by forcing the material to adopt the desired shapes m the 
temperature ranges below and above the transition temperature for the material. 
Such a technique is known in the art, and so no further elaboration is needed in 

this description. 

During normal use, at ambient tempera tur es, the defestener automatically 
adopts its compressed state. In this state, the defestener applies no, or very little, 
force on the upper and lower case shells 10a. 10b. The snap fit connection holds 
the front and rear shells in their assembled condition and provides a strong, 
secure, connection. The collars 18 and 20 hold the defestener 16 in position. 

At the end of the article’s life, when it is desired to recycle the article, 

■ \ 

it is first necessary to disassemble the front and rear case shells 10a, 10b to 
remove the internal components of the calculator. In order to do. this, the article 
is subjected to an elevated temperature (in this embodiment) greater than the 
transition temperature of the defestener material, to cause the defestener to 
change shape to its elongated shape. As the defastener begins to expand 
longitudinally, it bears against the opposed inner feces of the front shell 10a, and 
rear shell 10b. urging them apart. The force developed by the defastenef is 
greater than the threshold which the snap fit connection can sustain, and within 
a short space of time, the force overcomes the engagement of the snap fit 
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common. „d springs to front and rear case shell: apart. Hk colto 18 and 
20 prevent the spring from accidentally twisting out of position while the large 

force is being developed to overcome the snap fit connection. 

If desired, one or more openings 22 may be provided to increase the rate 

of heat transfer to the defastener 16 from outside the case. This may be 
advantageous if the case does not include its own ventilation openings. 

Although only one defestener 16 is illustrated in the partial section of Fig. 
1, it will be appreciated that a plurality of such defestener elements may be used 
* different spaced positions around the edge wall of the case. For example, for 
a rectangular case, a separate defestener dement may be used in each corner. 
Additional defestener elements may also be used intermediate the corners. 


It will be appreciated that the defestener described in this embodiment 



provide quick and reliable disassembly of the case parts with minimum labour. 


parts 


Uiw i K ill y. 


Particularly where a plurality of defestener dements are used, the defesteners can 
be activated substantially simultaneously, by the application of heat, which can 
provide much more rapid disassembly than a conventional arrangement in which 
a number of screws have to be located and unscrewed individually. 

In this embodiment, a helical-spring-shaped defestener 16 has been used. 
The helical-coil shape can develop very high forces for die sire of the defestener, 
and can develop large movement Typically, for a defestener made of Cu-Zn-Al, 
having a diameter of approximately 1 cm and a longitudinal (compressed) length 
of around 1/2 cm, a defestening force of between 1 and 10 Newtons or more can 


be developed at transition. 

If less force is required, or if less space is available, then it may be more 
convenient to use the arrangement illustrated in Fig. 2. In this arrangement a rod 
shaped defestener 24 replaces the coil-shaped defestener 16. The rad defestener 
24 is received within a channel shaped recess 26 in the wail of the rear shell 10b 
(see Fig. 2a). In its ambient temperature state, the defestener forms a straight 
rod. However, when heated above the transition temperaiure, the defestener 24 
adopts a U-shape (or inverted U-shape as illustrated in Fig. 2b), and lifts itself 
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out of die recess 26, .hereby forcing apart die front shell 10a end the reer shell 

10b in a similar manner to that described above. 

As shown in phantom in Fig. 2a, the defastener 24 may be formed with 

an anchor, for example, a transverse leg 28 , to ensure that the defastener is 
orientated correctly in the recess 26 to bend in a generally upright plane. It will 
be appreciated that if the defastener is incorrectly orientated (for example, rotated 
, through 90°, then the bending at transition may occur in a horizontal plane, 
which would produce little or no separation force. The defastener rod 24 could 
also have a special cross-sectional shape (for example, flat rectangular) to aid 

correct orientation in the recess 26- 

Referring to Figs. 3a and 3b, a screw threaded, fastener/defasrener is 
illustrated. In this embodiment, two parts, 30 and 32 (such as front and rear case 
shells) are secured together by one or more screws 34 which each engage in a 
respective sleeve 36 integrally moulded on the inner face of the front case shell 
10a. A liner 38 is received within the sleeve 36 and provides the engagement 
surface into which the thread of the screw 34 bites when the screw is tightened 

(see Fig. 3a). 

The liner 38 consists of a tubular portion of memory shape material, in 
this embodiment memory shape polymer. The material is trained to adopt a firm 
or slightly oval "compression’ state in which it radially grips the thread of the 
securing screw 34 in a first temperature range corresponding to ambient 
temperature. In a second temperature range (for example, above a predetermined 
transition temperature, say 50°C, the material loses shape integrity and relaxes 
to a more rounded cross sectional shape. In this loose loose state the liner 

releases engagement of the thread of the screw 34. 

Therefore, during normal ambient conditions, the liner 38 provides a firm 
gripping surface into which the thread of die screw 34 bites to achieve a strong 
and secure fastening. If desired, the screw can be unscrewed and replaced tn the 
normal way. for example, in the course of repair or maintenance. The polymer 
liner 38 is about as strong as conventional plastics, and can provide good grip 
even when the screw 34 is unscrewed and retightened a number ot times. 
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provided that cho screw 34 is not overtightened (which could cause conventional 

thread stripping damage to the liner). 

To disassemble the article, for example at the end of in life, the 

is subjected to a temperature greater than the transition temperature. The lner 

38 »*p*nri« to release the screw 34, and hence allows the front and rear ease 

shells 30 and 32 to to-separated (see Fig. 3b). Although only one screw is 

illustrated in the partial views of Figs. 3a and 3b. it will be appreciated that a 

plurality of screws 34 and liners 38 may be used in practice to secure die case 

shells 30 and 32 at number of different locations. These festerings can all be 

released substantially simultaneously by the application of heat, thereby providing 

much simpler and fester disassembly compared to having to unscrew each screw 

34 individually. 

In the above embodiment, the shape memory material is provided m the 
form of a liner, so that it can be fined easily to a sleeve which is integral with, 
or part of. another item. In use, the oval liner is an interference fit within the 
sleeve, and is locked in position by the additional pressure from the screw 34. 
However, it will be appreciated that in other embodiments, the Sleeve itself may 

be formed of shape memory m ate ri al. 

Alternatively, instead of the socket fastener part being of shape memory 
L, the screw or spigot part may be made or include shape memory 
material. In such case, the material would be trained to change shape between 
a firm, radially tensioned form in which it grips a hole into which it is inserted, 
co a relaxed, untensioned form in which it can be withdrawn loosely from the 
hole. In the firm tensioning form, die screw may, for example, have an oval 
cross-section which relaxes to a round section above its transition temperature. 

The embodiment illustrated in Figs. 3a and 3b functions simply to release 
the two parts 30 and 32, rather than to urge the two pans away from each other. 
Therefore, this arrangement may be suitable for applications in which the lower 
pan is permitted to drop clear of the upper part once released. However, if 
positive separation is desired, then one or more springs may be provided to urge 
,».• -in *nri T7 anart. Durinz normal use, the springs would be held in a 
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compressed stale by the securing screws 34. ... —r- 

defasiener iltaraed in Figs. 1 sad 2 may be used in combinnsnsn w«h the shape 

memory screw fastener of Figs. 3a and 3b to provide positive separation. 

Fig 4 illustrates a further embodiment of fastener. In this embodiment. 

, module or sub-assemb.y 40, such as a keyboard unit is held in position on a 
supporting structure 42. by means of a securing strap 44. The strap is mad 
shape memory material, in this embodiment shape memory polym 
illustrated by the full lines in Fig. 4. the polymer is trained to adopt a first shape 
at ambient temperatures, in which the strap is wrapped around the module and 
the support, with the ends 46 of me strap 44 overlapping each other, such that 

the strap extends tightly around the module 40. 

In normal use under ambient temperature conditions, the strap 44 retains 

the module 40 securely in position. In order to disassemble the module from the 
supporting structure, the temperature is raised above the shape transition 
temperature, to cause the polymer to relax, and to lose shape of form integrity . 
In such state, the strap 44 is no longer able to bear the weight of the of the 
module 40, and unwraps under the weight to allow the module to fall clear. 

In this embodiment, the strap is made of shape memory polymer, and 
relaxes at an elevated temperature. Alternatively, the strap could be made of 
Shape memory allow (for example in security applications to prevent removal of 
expensive integrated circuits from, for example, a computer board) which is 
between a closed "wrapped* memory state and a loose or "unwrapped" 


memory state. 

Referring to Figs. 5, 6a and 6b, the invention may also be used to mount 
electronic components, such as integrated circuits, in a self-releasing maimer. 
In Fig. 5, a socket 50 for an integrated circuit 52 is formed by a plurality of 
contacts 54 of electrically conductive memory shape alloy each in the shape of 
a small helical coil. The lower end of each contact 54 passes through a 
respective opening in a printed circuit board 56, and can be soldered to a track 
of the printed circuit wiring (not shown). Each contact coil 54 is dimensioned 

to receive a leg 58 of the integrated circuit 52. 
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*, ambient temperamres, helical coils each adopt a tight configurate 
a grip the legs 58, to establish an electrical connection to the ituegtated circuit 
hrough the legs 58 and to lode the legs inshle the coils. The integrated orcutt 

s6 is thereby firmly held in position on the printed circuit board. 

The shape memory material is also trained a an elevated temperature (or 

ar a lowered temperature, as desired) to expand in diameter, and 'unwind 

sufficiently to reiease the legs 58 and/or allow leg insertion. Therefore, m use, 

in order to fit the integrated circuit 52 to the socket 50, the ‘ “ " 
wanned (or cooled) to trigger the shape memory conract cods to them expanded 
•open’ condition. The integrated circuit can easily be placed in the socket wuh 

zaro insertion force bung required. As dm socket return to normal temperature, 

and the temperature again crosses the transition temperature, the shape memory 

cod contacts are triggered to return to their tightened condition. 

In order to remove the integrated circuit 52, it is necessary simply to heat 
(or cool) the socket 50 to again trigger shape transition of the shape memory 
contact cods 54 to their expanded state. In this state, the integrated circuit is 
released, and can be easdy removed (or can drop out of the holder under gravity 

if the circuit board 56 is turned upside down)* 

It will be appreciated that this embodiment provides an extremely simple. 

compact, and yet extremely effective, zero insertion force socket, which does not 

require any direct mechanical interaction to release the integrated circuit. The 

self-releasing, temperature-dependent characteristic enables the integrated circuit 

to be inserted and removed in a simple manner without risk of damage to the 

integrated circuit. The shape transition will occur at roughly the same time in 

all of the contact coils 54, so that prolonged heating (or cooling) is unnecessary. 

The shape memory material used for the contact coils 54 is preferably Ni- 

Ti. as this material has good electrical conductivity. The material can be used 

for reversible shape transitions amounting to dimensional changes of up to 5 or 

10% which is adequate for this application. 

’ Although urn illustrated in Fig. 5. the contact coils 54 may. if desired, be 

mounted within a socket housing, for example, a dual-in-line plasucs housing. 
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for accurate pin alignment. 

Referring to Figs. 7a and 7b. an alternative shape of contact 54 is shown. 

In this arrangement, the contact is in the form of a looped butterfly shape, and 
the loops 60 are trained to move between an open position (illustraied in Fig, 7a) 
in which the gap between the loops 60 is sufficient to allow the leg 58 of an 
integrated circuit to be removed7insened, and a closed position (illustrated m Fig. 

7b) in which the loops 60 approach each other to grip the leg 58 firmly. 

Referring to Figs. 8a and 8b, a further alternative shape of contact 54 is 

shown. In this arrangement, the contact is in the form of a finger 62 have a hole 
64 therethrough for receiving the leg 58 of the integrated circuit. The finger 62 
is trained to change shape between a first state (Fig. 8a), in which the hole 64 
is enlarged to allow insertion/removal of the leg 58, and a second state (Fig. 8b) 
in which the finger contracts by folding, to reduce the effective size of the hole 

64, and hence grip the leg 58. 

Referring to Fig. 9, a yet further alternative shape of contact 54 is shown. 

In this arrangement, the contact is in the form of a pair of upstanding lugs 66 
which may be joined at their base by an integral web, or be individually 
mounted. The lugs 66 are trained to change shape between a first state in which 
the lugs are separated by a gap sufficiently large to allow insertion and removal 
of the leg 58. and a second state in which the lugs are biased towards each other 

to grip the leg 58. 

Fig. 10 illustrates a further design of integrated circuit socket, which 
operates in a similar manner to that described above, but which includes 
electrical terminals for passing a heating current to effect the shape transition. 
The socket includes a plurality of cantilever contacts 70 which extend laterally 
from a support 72 of electrically insulating material. The free ends of the 
contacts 70 are formed wife cups for receiving the legs 74 of an integrated circuit 
76. The contacts 70 are made of electrically conductive shape memory alloy 
(such as Nt-Ti) and are trained to change shape between a first state in which the 
cups are substantially "open" to allow removal/insertion of the integrated circuit, 
and a second state in which the mouths of the cups are substantially "closed' to 
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arm the lees 74 and establish electrical contact therewith. 

Extending over the tops of the contacts 70 on the support 72 is »further 

electrical eondtmtor strip 78, The purpose of the snip 78 is u. gen««e best 
when an electrical current is passed therethrough, to cause shape transmon o 
contacts 70. In this embodiment, the strip 7. is no. made of stape memory 
material, and is repaid from dm conmms h, a layer of eiectricdly insuiatmg 

. • Therefore the strip does not affect the electrical 

thermally conducting material, ltiereiore, uic amy 

_ r 70 Q f *u e but is able to transfer heat to the 

characteristics of the contacts 70 ot tne socn^ u 

contacts 70 to trigger shape transition. 

In a modified form, the snip 78 may be made of shape memory material 

and arranged such dm. when at ambient temperature, the strip is clear of die 
contaco 70. but when heated, the strip 70 deflects downwardly to bear agamst 
4 e contacts 70. With such an arrangement, die strip 78 does not affect the 
70 in any way under normal temperature conditions, since U is spaced 
above the contacts 70. However, when entreat is passed through the strip 78. 
h deflects downwardly into contact with die contacts 70. and thus allows heat to 
be transferred directly to dm comae* 70 to nigger shape transition. I. wdl be 
appreciated that when the snip 78 bears against die contacts 70 it will short the 

_ 70 together, but this is unlikely to cause any problems because dm 

electronic circuitry will nor. of course, be operative when it is desired u> remove 

or insert the integrate circuit. 

As illustrated in Fig. 10, the opposite'ends of the strip 78 may project 
beyond the support to provide electrical terminal to which wires may be attached 
„ pass the heaing cutrenL Alternatively, the ends of the snip may also be 
solder to the circuit board so that a heating current can be introduced through the 

printed circuit. ; 

It will be appreciated that the above embodiments provide zero insertion 

feree/aero removal force sockets which allow a component such as an integramd 

circuit to be released without mechanical interaction. Upon release, the 

integrated circuit is no. ejected from dm socket, bur is free to be removal (or to 

__ =_vWnV In the further embodiments 
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of Figs. 11-13. shape memory material is employed to force the integrated circuit 

at ! »»«* partly out of the socket for easier removal. 

Referring to Fig. 11, a strip 90 of shape memory alloy, such as Cu-Zn- 

Al, is positioned between the underside of the integrated circuit 92 and the circuit 
board 94 (or the base of the integrated circuit socket). The shape memory 
outtrial is trained to change shape between a normally flat state under ambient 
conditions, and a curved state at elevated (or cold) temperature conditions. In 
normal use, the strip 90 does not generate any material forces, and is simply 
retained in position by suitable stops (not shown) on the circuit board or socket. 
When the temperature exceeds (or drops below) the transition temperanire, the 
strip 90 begins to transform to its curved shape, thereby applying a force to lift 
the integrated circuit 92 out of the socket. Such an arrangement may either be 
used in combination with the shape memory contacts illustrated in the preceding 
embodiments, or it may be used with conventional resilient metal contacts. 

An alternative lifting arrangement is also shown in Fig. 12. In this 
arrangement, the strip 90’ of shape memory material has one end 96 anchored 
to the circuit board. In this example, the end 96 is bent over and is secured in 
an opening 98 through the circuit board 94. In use, upon shape transition, the 
strip 90 bends away from the board 94, and acts as a cantilever to lift th 

integrated circuit at least partly out of the socket. 

Fig. 13 illustrates a further arrangement similar to that of Fig. 12. except 

that the strip 90” is trained to form an inverted U-shape instead of a cantilever 

shape. . 

Fig. 14 illustrates a further alternative lifting arrangement m w ic a 

helicai-spring-duped element 100 similar » that used in the first embodiment, 

is positioned between the circuit boatd and the undeiside of the integrated circuit 

n element .00 is treined to change shape between a fust axiaiiy 

— State (seen in Fig. 13). and an axially elongated shape (shown in 

Phantom) to eject the integrated circuit. The use of a helical element 100 ma, 

be particularly suitable for applications where considerable force is desirable to 

eiect die integrated circuit clear of the socket. 
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Fig. 15 illustrates a further embodiment of an integrated circuit holder. 

In this embodiment is similar in construction to a conventional dual-m-line 
integrated circuit holder, and uses conventional terminals 102, fcr example, of 
thin copper strip which are bent into a loop shape (shown in phantom in Fig. IS) 
to provide resilient 'sockets' for receiving and making electrical contact with the 
pins of the integrated circuit. An actuator 104 of shape memory alloy is coupled 
between the pins on rme side, and the pins on the other side. Fust and second 
heater contacts 106 provide direct electrical connection to the actuator, to allow 

an electrical current to be passed therethrough to hear the actuator. 

In ■rwmai use at ambient temperatures, the actuator 104 adopts an 

expanded state (shown in Phantom in Fig. 15) in which it applies little or no 
force to the terminals 102, and allows the terminals 102 to adopt their usual 
configuration. In ruder to remove the integrated circuit from the socket, a 

current is passed through the hearer contacts 106 to heat the actuator 104 (or the 
holder is subjected to an increased external temperature). Upon heating. the 
contracts (to the position shown in full line) which, hr turn, causes inner 
portions of die copper contacts 102 to be forced inwardly. The profile of the 
socket case includes a downwardly extending lip 108 which cooperates with the 
copper contacts 102 to prevent the outer end of the contact from moving inwardly 
and in combination with the springiness of the copper contact, this causes the 
contact to spring upwardly, thereby ejecting the pirn of the integmted circuit 

from the holder. ' 

It will be appreciated that, in this, embodiment, the shape memory 

material is used as an actuator or engine to (rigger movement of other parts. 

However, in an alternative embodiment illustrated in Fig. 16. die pin contacts 

102' are made of shape memory alloy (Ni-Ti being preferred for its high 

elecuical conductivity). The contacts 102' arc trained to change drape from a 

folded loop form (shown in phantom) to an a partially unfolded form upon 

temperature change above or below the transition temperature for the mater nil. 

u, eject the pins of the integrated circuit in a similar manner to that described 

above. 

/Ml of the above embodiments have illustrated separation o two or more 
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distinct parts of a product or article, in the embodiment illustrated in Figs. 17a 
and 17b, shape memory material is used instead to shear apart first and second 
integral portions in a predictable, controlled manner. Fig. 17 shows a case wall 
110 typically of plastics material which includes, in this example, a side wall 
portion 110a integrally coupled to a horizontal wall portion 110b. Embedded 
within the wall 110 in a connecting corner region 110c is a destructor element 
112 of shape memory alloy. As best seen in Fig. 18, the element 112 has a 
generally "H' shape. Under normal ambient temperature conditions, the element 
is trained to be flat, as in Fig. 18a. At an extreme high or low temperature, the 
opposite sides of the element 112 curl, or bend, out of the flat plane, in opposite 

directions, as shown in Fig. 18b. 

Referring to Fig. 17b, when the element 112 is activated by temperature 
to change to its expanded shape (Fig. 18b), the force exerted shears the 
CTr r.»rri n p corner region 110c of the wall to separate the side wall 110a from the 

horizontal wall HQsl 

Although not shown in Fig. 18, it will be appreciated to the element 112 
nay be elongate, and consists for essunple of repeating integrally coupled "H" 
portions (emended in the direction illustrated by the line 114 in Fig. 18a). Thus, 
the element may attend along substantially the length of the comer between the 

two wall portions. 

Figs. 19a and 19b illustrate a further embodiment similar to that above, 
except that a tubular shape memory element‘ll2a. is used. The drawings 
illustrate the tubular element 112a changing shape from round to oval in a 
vertical direction, to generate a shearing force in the same direction as the plane 
of the wall. Alternatively, the element 112a could be arranged to change shape 
from horizontally oval to vertically oval to achieve this shearing force. 

Figs. 20a and 20b illustrate a further similar embodiment, in which a 
shearing force is produced in a transverse direction to the plane of the surface. 
Referring to Fig. 20a, a shape memory element 112b comprises a generally S- 
shaped member which, upon shaped transition flattens transversely to cut through 
the material of the case wall in the earner region 110c, and hence shear the wall. 
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Tte demen, 112b has starp o t apemi et* which «d to wtf ge apan the two 

seerions UOa and 110b of the wall as the material shean. 

In the embodiments of Figs. 17-20, heal conducting openings or contacts 

nay also be provided to facilitate rapid hearing or cooling of the material from 
outside the case, and thereby reduce the time necessary to supply sufficient heal 
(or cold) to the shape memory element to trigger shape transition. 

The shape memory elements 112 .112a and 112b can be positioned in the 

wati in any desired way. For example, a hole may be formed in the wall, and 
the element inserted in the hole after the case has been moulded. Alternatively. 
rt, e shape memory element may be positioned wuhin a mould prior to moulding, 
and the case moulded around the shape memory element so that it is an integral 

part of the case wall. 

It will be appreciated that there axe numerous designs of fastener which 
may include shape memory material in accordance with the invention. By way 
of example only. Fig. 21 illustrates a range of typical festeners which may be 
. made of shape memory alloy. These include defastenere 120 and releasable 
grippers 122 (for example for mechanical or electrical use). Similarly, Fig. 22 
•illustrates a range of typical fasteners which may be made of shape memory 
polymer. These include ratchet fasteners 130, supports and spacers 132 (in 
which lugs 134 are configured to relax upon shape transition and to release a 
carried load), threaded plug sockets 136. guides 138 (which are configured to 
relax and release compression engagement of, for example, a circuit board 

received with the guide), plugs or rivets 138, and cable fasteners 140. 

It will be appreciated that the principles of this invention are not limited 

to the illustrated examples, and will have many varied applications in a wide 
range of fields where an inherent self-disassembly characteristic is desired. 

In particular, although the examples illustrated have referred generally to 
electronic products, it will be appreciated that the invention is not limited to this 
field. The principles of the present invention may be used in any field of 
assembly/disassembly of a product or article, to at least partially assist 

disassembly of the product or article. It is expected that a major field of 
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importance will be that of vehicle manufacture, where substantial recycling is 
possible, but is limited at the moment by the considerable time needed to identify 
and remove pans from cars, particularly if the fastenings are difficult to access 
or are difficult to release owing to the presence of dirt or corrosion. In 
particular, parts such as bumpers, interior panels, wiring harnesses, batteries, 
starter motors, instrument clusters and facias, can all be fastened using shape 

memory material in accordance with the invention. 

The principles of the present invention may also have safety applications, 
for providing automatic release or disassembly in case of emergency. For 
example, if a vehicle is involved in a crash, it may be much easier for rescuers 
to release a victim from the wreckage by triggering release of shape memory 
material fasteners, for example, to disassemble a door hinge from the main body. 
Such disassembly can be performed without having to have visible access to the 
hinge fasteners, and without having to use cutting machinery which may 

otherwise distress, or physically interfere with, a napped victim. 

Fig. 23 illustrates schematically an apparatus for processing one or more 
products to perform at least partial self-disassembly. The apparatus 150 
comprises a chamber 152 into or through which products are conveyed, for 
example, on a conveyor 154. The chamber 152 is healed or cooled to a 
predetermined temperature to trigger release of the shape memory material in the 
products. Preferably, a temperature gradient is established in the chamber 152 
to enable «*» iiigntiai disassembly of different pans of the product which include 
fasteners, or defasteners which are triggered into shape transition at different 
temperatures, as the product is conveyed through the chamber 152. If the 
product is suspended upside down, or uses defasteners which spring apart the 
disassembled parts, then collection bins 156 may be provided in die chamber 152 y 
below the path of the product for collecting parts as they fall from the products. 
This is particularly convenient for disassembling a batch of different products, 
which all use shape memory fasteners or defasteners which trigger at the same 
temperature for disassembling like parts, such as integrated circuits. 

transformers, car bumpers, etc. 
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m aspect of *0 invention believed » be panieularly imp««» 

set out in the appended claims. However, the Appl.** « ? 

to ,„ y novel combinaiion of features described herom. or ilm 
"Zs, irrespective of whed*r emphasis ha, been placed on thereon. 
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